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He no/yiewMT omawcimo /jo ocjjHUHaubHoro coo6imchmh hr Koii(})epcHUMH 


IEHKE .HOUHOrO OSMEHA JUKI IloFIEHHH COCTOflHHfl 
PAJIHOAKTKBHUX BElilECTB 3 PACTBOPAX 


B.n« Hhko jiBCKMfl m B.H.IIapaMOHOBa 

BejiiiKan Hflen • H. MeH^e Jie eBa o tom, uto pacTBop npeRCTaBAfiei 
codofi npoflyKT XHMHRecKoro BsaHMOReiteTBHH ero KoutiOHeHTOB, b no- 
CAeRHee bpsmh noAymiAa HOBoe pa3BUTHe b odAacTH jib AeHHK odpa 30 Ba- 
HHH H RHCCORliaRJlW KHCAOT H KOlvIHAeKCHBIX COeRHHeHHfi B paCTBOpax, 
BKAlOUafl CDRa II HB AGHIIfl rHRpOAHSa. .HeiaABHOe MCCAeAOBaHHe paBHO- 
Becw0 KOunAeKCoodpa30BaieALimx npoReccoB noica3aAO caohhocib othx 
npoReccoB, npoTeKaroiRHx CTyneHuaio anajiorv.uKO RHCcoRHaRHH mhotooc- 
HOBHHX KHCAOT /l/ • 13 TO SB BpGMfl BHflCHHAOCB dOABl'JOe 3IiaueHMe no- 
AodHoro poRa npoReccos rah TeopeTMRecKOJ} h npracAaRHoK xhmhh. Eoab* 
rnyr; poal b btom nrpaeT npiiMeHeHne MeneHHx aroMOB, no3BOARBninx 
W3yuaTB 3TH HBA0HHA B yCAOBRflX KpaHneTO pa 3 daBAeHHA paCTBOpOB no 
OTHonieHHio k H3yuaeuony komfi A eKC0odpa30BaTeAE)» CpeRH motorob, ko- 
Topne npiiMeHAioTca rah M 3 ymeHM ynoMjmyTHx Bunie npoReccoB, ocoduH 
HHTepec npeRCTaBAfiex weioR, ocHOBaHimfl na npwMeneHira hohoo(5m6Hhhx 
B emeoTB - hohhiob. IIpHMeHeHHe hohwtob rah oiofi ReAH ocuoBaHO Ha 
TOM, mo UeKRy HOHHTOM H paCTBOpOM yCiaHaBAHBaeTCfl HOHOOdMeHHOe 
paBHOBecne, KOTopoe xapaKiepH3yeTCH Tew, mo pa3H0CTB Mexay xmmh- 
neCKHMH nOTeHRHaAaMH HOHOB B paCTBOpe H HOHHTe ROASCHa dtlTB ORHHa- 
KOBa j; AH OdOHX OdMeilHBaDRHXCfl HOHOB (eCAH Oda HOHa HM6B9T ORHHaKO— 
ByD BaAeHTHOCTB X '). npH OripeReAeHHHX yGAOBHHX 3T0 03HaHaeT, HTO 
KOHReHipaRHH (aKTHBHOCTB) H3yqaeMoro HOHa b pacrBope nponopRHO- 
HaA&Ha KOAHHeciBy HCCAeRyeMoro 3 AOMeHTa , norAomeHHoro hohhtom K3 
AaiiHoro paciBopa, i.e. hohht CAyiHT HenocpeRCTBeHHHM noKasaieAew 
coRepsaHHfl onpeAeAeHHoa $opuH cyiuecTBOBaHHH Ramioro OAeueHTa b 


' B CAynae hohob pa3Hofi BaAeHTHOCTB ORHHaKOBbiMH dy^yT He pa3- 
hocth xhmhh ecox noTeHRHaAOB, a hx npoH 3 BeReHM Ha odpamyro Be- 
AHHHHy BEAeHTHOCTH COOTBeTCTBytORerO HOHa. 

25 YEAR RE-REVIEW 
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paciBope. ripw MHLix ycjioDHflx nornomeuHe Hccjie^yeuoro 3aeMeHia 
HOHiiTOu H3 pacTBopa dojiee cjiokhbim odpa 3 ou uokst aaiB iiau cBe^e- 
hm o co^epiaHHH b paciBope tom $op«H cymecTBOBaHwa sxoro 3Jie- 
MeHia, Koiopaa norjiotnaeTca b 3 hthm HauH kohhtom. IIpHueHeHHe dthx 
3 aKOHOMepHociefl cia.no bo 3 Womhm djiaroflapa xouy, mo b Haoioamee 
B.PeMfl 3aK0HtI paBHOBGC Mfl HOHJIOrO OdMeHa HaM AOCTaXO^HO XOpOfflO H 3 - 
BeCTHU /2/ 

HoHoodMenHoe paBKOBecne b odmeM cnyqae no^aKHaeica ypaBHe- 

Hrao 

r ^ e Cj “KOjmaecTBo MCcjiesyeMoro hohe, nornomeHHoro o,hhku rpauuoM 
HOHHTa; 0 h | -KoimeHTpaiiHfl h K 03 <|x|)imHeHT aKTHBHOCTH 3 ioro 
HOHa b paBHOBecnoM paciBopej'E -ero BajieHTHociBj aHajiorwqHHe odo- 
3 HaqeHHH(^, Cj , ^ 11 othochtch ko BiopoMy (Bcnouoraie^L- 
HOMy) HOHy, npHoyicTByioineMy b paciBope h odueHHBaDmeMyca c wccjie- 
AyouBiM eohom; K -KOHCiaHia odMena. Ecjih b cepirn onHiOB nojmepacH— 
Baeica tTocroHHCiBO KOHaempai^iiH scnoMorarejiBHoro HOHa h hohhoA 
ch^li paBHOBecHtix paciBopoB, a raKKe codjnoflaeTCfl ycnoBHe Q«Q , 
AJia qero BejiHqKHa C floji&Ha dHTB oqeHB Majiofl (i.e. hoc jie^yRM fjtf 
3 JieueHi npucyTCTByei b MmcpoKOHueHTpaHira), to riepBaa qaci'B ypaB- 
HeHHa ( 1 ) dy.neT BejraqHHoil tioqiH nocTOHHHofi, hjih 

G 

■jf - conpt (2) 

O^eBM^Ho, mo npaKTimecKH no jibsobetbch bthm ypaBHeHweu uosho, 

KaK npaBKJio, tojibko b tom cjiyqae, ecM ajih onpe,nejieHHfl nooomeHHB 
H3yqaeworo o^eMeHTa npHMeHfnoicfl ueqeHHe aiouH. TaKHM odpa 30 M, tipn 
yicasaiiHBix ycjioBnax n c5yj;eT coduxiflaTBCfl ia rcponopHHOHa.nBHOCTB 
Meatfly norjiomeHHew Hccneflyeiioro HOHa h ero KOHrieHipaiiHefl, o Koropoii 
dH.qo GKE3aHo BHiue. Ecjia 3TH ycxoBHfl He codnjofleHH, to ajih onpefle- 
J'.eHHH KOHHeHTpaHHH H3yqaeMHX HOHOB MOKHO n0HB30BaTBCfl nojlHHU 

ypaBHeHweM odMeHa (1), codjnoflaa, oflHaico, [ioctojihcxbq hohhoS chhh 
pacTBopa, npn Koroposa BBipasemie 


MOXHO CHHiaTB B nepBOU npHtfjlHieHHH nOCTOHHHHy* 
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IIOMHMO B03M0IH0C1H KOJMqeCIBeHHiJX OnpeflejieHMil 100 oh HHOfl 
HOHHOfl <J)opMH Hccjie,nyeuoro 3JieMeHia b padBope, ueTOfl hohhoto od- 
MeHa tiO3B0Jiflei pewaiB laicse pfljn; .iipyrux BonpocoB, CBfl3anHiix c H 3 y- 
qeHHeu cocTOHHHfl pa^woaKT hbhux 3JieueHT0B b paciBopax, B qaCTHOCTH, 
b icpaHtie pa3daBjieHHiiix paciBopax. K qncjiy iekhx BonpocoB oihochich: 

1. Onpeflejiemie 3Haxa 3apa,n;a hohob wccae^yeuoro BemeciBa no 
HajiH^Mio HI OTcyicTBHE norjiomeHHH ero KaiwoHHiaun h aHMOHHxaun* 
B03U0KHO TaKSe y CTaHOBHTB OflHOBpetJeHHOe npHCyiCTBHfi B paCTBOpe 
KaiHOHOB h amioHOB MHHoro OJlGMeHia /3/. 

2. YcTaHOB jieHHG npHcyiciBHA HeMTpajiBHux Mojieicyji KaKoro=jmdo 
coeflHHeHHA b pacTBope nyxeu M3yqeHHa noraomeHHa ero KaiwoHwxoM h 
aHHOHIITOM /4/. 

3. KaqeciBeHHoe ycxaHOBjieHne KOjuiOMHoro cociohhhh paflwo- 
9JieueHia b paciBope /3/, /5/. 

4. HaM’qne. npoiieccoB m,npojiH3a coe^KHeHufl paMoojieueHioB /6/. 

5. KoMqecTBemioe onpe,nejieHwe KOHCiaHT Hecio0KOcm KOMnjieicc- 
hhx coe^HHeHH0 /3/, /7/, /4/. 

He ociaHaB^MBaflci, Ha Bcex nepequcaeHHHx Bonpocax, paccMoipnu 
no.npodHea, r jiaBHHM odpa30M, nocjie.nHw2 H 3 hhx. Od 3 op nperaix padox 
no onpejiejieHHE) KOHCiaHT HeexoflKoexH c homoihlei hohhtob mokho HaSiH 
b cxaxBflx IllydepTa /3/» Koiopnfl ABjifleica o,hhhm H 3 nwoHepoB npwue- 
HeHM 3xoro weio^a, h b exalte §OMHHa /8/. 

MeTojt lHydepia ocHOBaH m onpesejieHyiH c nouom&ro KaxiiOHHiOB 
KomjeHipaiiHH HeKOMnaeiccHHx KaiHOHOB pajiHoojieMeHia b paciBope b 
npncyicTBHH aMeH.ua Ha ocHOBaHWH ypaBHeHwa (2). 3xox Mexoj; npw- 
roaen juh TaKHx kouh aeiccHHx CHCieM, b Koxopux KaiHOHaMH ab jihiotch 
tojibko HeKOun jieKCHne hohh pa.nH03jieMeHTa, a KOMiuieKCHue (JopMU hm 
neflipajiBHH hjih ab jiaioica aHHOHEMiu $poHeycou /7 / duji pa 3 padoian 
Mexos, Koxopiifl no3B0AHex c [iomoiubb KaxuoHHXOB onpeflejiniB cxyneH- 
name KOHciaHiH HecxoffKociH KomuieKcmix coe,nHHeHH0, Koxopne od- 
pa3yK)icfl nyieu nocjie,noBaiejiBHoro npHcoe^HHeHHH mhothx nacxnn a,n- 
MMa, npuHSM uosei nojiynniBca HecKOjiBKO KaiHOHHux $opM. 3xox 
Mexo^ xaKse ochobeh he npnueHeHHH H30xepMH odueHa b $opue ypaBHe- 
HHH (2). 

iBTOpu HacxoHine0 cxaiBH coByecxHO c JI.A.KoneBaHOBoS pa 3 pado~ 
lajin Mexo^ tipHtieHeHHfl HOHHoro odweHa (Ha KaiHOHme) ^jih oapeAeAe- 
Hiw kohcxeht HecT O0KOCXH b $opne, ipedyH)ine0 npmieHeHHH odmero 
ypaBHeHiw odMena (1), h onpe^eMM othm MexoAOu KOHCiaHiy Hecxo0- 
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KOCTH HOHOB /UCLAC, /“ X ^ 


K « = 


[>W 


B yCJIOBHflX HOCTOflHCTBa HOHHOit CHJ 1 H paCTBOpa H nepeMeHHOfl BejlHHH— 
hu norjiomeHHfl BcnoMoraiejitHoro mohs (HaipiiH). JleiajiH ororo mbio— 
< 5 y^yT onydjniKOBaHH b #pyrou Mecie; 3#ecB xe mu tojibko otmbthm , 
mto rjm H3y^eHHH nponeccoB K0MruieKCoodpa30BaHHfl tipaicTHHecKH B 03 - 
MOSHO nOJIL 30 BaTBCfl OdlUHM ypaBHeHHGU (i), XOTfl HCC^e. 3 i; 0 BaHHe 31 HX 
nponeccoB b ycjiOBHHX, flonycicaiomHx npHMeHeHne ^nponennoro ypaBHe- 
hm (2), HMeeT pa# npeHuymeciB. B raieparype onHcamj raioce ueio- 
onpejnejieHHH KOHCiaHT HeciofiKociH c noMomiss aHHOHHTOB /9/, 

/10/ } /li/. 

0 #hhm M3 Hac / 4 / ciuji pa3pad0TaH Meio# w kphbhx OTHOcurejiBHo— 
ro nooomeHHH w , Koiopufi ocHOBaH Ha tom, hto o#hh h tot see pac- 
TBOp npMBOSHTCfl B paBHOBeCHe H C KaTHOHHTOU H C aHHOHHTOM, HOCJie 
Hero onpefle^HeiCH ko jnwecTBO HCcjie,nyeMoro ojieiieHTa, norjiomeHHoro 
KaTWOHHT OM H aHHOHHTOM. TaKHM 0dpa30M Ha pfl#e paciBopoB MOser 
duiB H3yweH0 norjiomeHHe HccjieayeMoro ajieueHia KaTWOHHT om h aHHOHH- 
TOM B 3aBHCHM0CTH OT KOHHeHTpaHHH aAHeHfla npH nOCTOHHCTBe odmeft 
KOHiieHTpapz Hccjie#yeuoro 3;ieMeHTa h nocTOHHciBe mohhoA chjih pac- 
TBOpa. OTHOCHTe jiBHoe norjiomeHHe pa# ho 3 jieM eHT a KaTHOHHTOM + , 
npe^CTaBjineT codoM oiHouiemie Be jihhhhli ^ + ~KOjiHHeciBa sroro 3 ;ieMeH- 
Ta, norjiomeHHoro EaiHOHHTOu b paBHOBecHH c pacTBopou, co#epEamtai 
a##eH# b #aHHOii KOHHeiiipaijHH, k Be jiHHHHe q + ° -KOjmqecTBy ojieueH- 
Ta, norHomeHHoro KaTHOHHTOU , Haxo#amHMCH b paBHOBecHH c pacTBO- 
poM, He cogepzaiptf ajweaja, ho co#epxamHM HCcjie#yeMui! pa#H 03 jieMeHi 
b Toii xe KOHT,ieHTpaiiHH C , hto h paciBop, co#epxainHiii afl#eH,n: 

y = Jb 

4 + p, 0 


AHanorMHHHM odpa 30 M onpe#ejifieica h OTHOCHTe JiBHoe norjioineHHe pa- 
,#H03JieMeHTa aHHOHHTOM : 

a - 


T- = 


3#ecB 


npe#ciaBMer codoii MaKCuwajiBHoe norjiomeHHe paaHoojie- 


Ac' = CH-COO 
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ueina (nMeomero nocTOHHHyiD odmy© KOHijeHTpaqHK) b pacTBope), koto- 
poe jtocTuraeiCH npw yBejiMemiH KOHqeHTpaqHH ajweH.ua .no Taicofi Be- 
juroimH} npn KOTopofl npaKTH^ecKW Been paflMOBjieueHT HaxoflHica b 
$ opMe KownaeKCHoro HOHa. 

Pe 3 yjibiaTH onuroB H 30 dpaiaioTCfl rpatJmecKM, npimeM no och 
O pflHIiaT OIKJEJIHBaiOTCfl B 6 JHWHHH OTHOCHTejlbHOrO norjIOmeHHfl paflHO- 
3 ^eMeHTa KaTHOHHTOM ( jf + ) M aHHOHHTOM ( ), a no OCH adc- 

micc - oipMaaTejibHufl jiorapii^M KoimeHTpaqHM CBOdofluoro ajweiW 
Ct (noKa3aiejib a^sen.naP A = Eq CL )• 

Ecjih onuTH BesyTCfl b ycjiOBHHX npiuiOKMMOCTH ypaBHeHHH (2) h 
ecjm pa^H03 jieueHT qaei no oflHoU KaTHOHHOft w aHHOHHO0 $opue, to 
B eMTOHH jf + H If- paBHH flOJIHM KaTHOHHOM H aHHOHHOii $OpU paflWO- 
ojieueHTa (d + h d_) b jphhou pacTBope. Ecjih npa pa3JiHHHHX koh- 

qeHTpaitHflx ajweHjja OKaseTCH + + IT- =*• to KaTHOH paqHoajie- 

MeHia odpa 3 yeT c bthm ajweH,noM tojibko ojjho KOunjieKGHoe coejjHHe- 
HH 6 — aHHOH. Ecjih ie ^ + + 1 » to paswoojiGMeHT otipa 3 yeT c 

ajueBAOu iaicxe HeflipajibHHfi KOMn jiokc , jjojih KOToporo b pacTBope 
paBHa r = 1 - y + - 1 • Toqica nepece^eHUfl kphbhx OTHOcmejiB- 

Horo noooneHHfl paiaoojieueHTa KaTHOHHTOU h aHwoHHiou flaei koh- 
qeHipa^io aEHOHa a o , KOTopas CBH 3 aHa c KOHCiaHToM HeciofiKOCTH 
aHHOHHoro KounjieKca npociuu cooTHooiaHHeu 


a" = K 


(4) 


BXoqamHX b cociaB KOMnjieKCHoro 


rfletl -mhcjio aHHOHOB ajmeH.ua, 
aHHOHa (oflHoaji;epHoro). 

Heipy^HO noKa3aTb, hto b tou cjiy'iae, Korjia pajjuoojieueHT npn— 
cyiciByei b 3HaqHiejibHoii KOHqeHrpaqHH h noiowy ypaBHeHHe (2) He- 
npHUBHHUO, mokho Ha ochobehhh ypaBHeHHH (1) onpejjejiHib flOJDO KB- 
thohhoU nan aHHOHHO0 $opuu pajjHoa jieueHTa (Ol^ hjih Ol_ ) c no- 
MOmbD ypaBHeHHH 

*1 / ? 1 



(5) 


rse Cj -nojiHaa emcocTL KaTHOHKxa hjih aHHOHHTa, KOiopaa b ycjioBHHX 
onuia npejtnojiaraeicfl hogtoahhoH, — kojihhbctbo pajjwoojieueHia, no- 
rjioqeHHoro hohhtom H3 pacTBopa, cojjepsanero ajyteiw b J^aHHo3 koh- 
qeHipaijHH, -to se H3 paciBopa, h© cojtepKamero ajmeHjja ( rm 


f u i — * * 

KamoHHTOB) hjih cojiepKatnero xaKofl h3(5hiok ajmeH^a, hto pajjnoojie- 
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Mem npwcyTciByei b paciBope tojibko b $opue icoMruieicciioro aHHOHa 
(.HJia aHMOHKTOB) , % • -BajieHTiiociB norjiomaeuoro hohhtom HOHa pa;po3jie 
Meraa (KOMajieiccHoro hot HeKOMnjieKCiioro),'5£ 1 -BajieHTHOCT& BcnoMora- 
TejiBHoro HOHa, KOHKypHpyEmero c HCCJiemyetiHM b npoijecce noHHoro 
odueHa Ha othhom hohhtg# Bee Bejuramu, Haxomfimwecfl b npaBOfi HaciH 
ypaBHeHHfl (5), Jierico onpe^ejwioTCfl 9KcnepHMeHxajn>H0. 

AHa jiH3 kphbhx norjiomeHHfl maei bo3mokhoctb onpemejmxB xaKae 
h KOHdaHTy HGCIO0KOCTH HeiiTpajiBHoro KOMnjieKca pamwoojieMeHxa h, 
laKHM odpa30M, saiB noOTyio KapxwHy coctoahhM pamwoo jieMeHxa b maH- 
ho8 CHCTeue. KpoMe Toro, rpaifiHK kphbhx norjiomeHHfl HarjiamHO noxa- 
3HBaet odjiacxn cymecxBOBaHHfl pamHOBJieMeHia npeHMymecTBeHHO b <|>op- 
Me HeKOMnjieKCHoro KaxnoHa, KOMnjieKCiioro aHHOHa h HeiiTpajiBHoro 
KOMtuieKca. B tom cjiynae, Kor.ua pamHogjieueHT saeT c ajweHAOM He- 
CKOJ 1 BKO KaiHOHHHX HOT aHHOHHHX $OpM, MeTOA OXHOCHTe J1BH0T0 HOTJIO- 
meHHfl MosceT ottb HeKOiopue CBemeHHfl o HHCjie raKHx $opM h o Hexo- 
Topux CTytieH'iaTHX KOHCXaHTaX HeCXOfiKOCTH COOTBeTCTByEmHX KOMn jiei. 

C OlB* 

B Ka^eciBe npHMepa npHMeHeHHfl MeToma oxHOCHiejiBHoro norjiome- 
HHfl paccuoTpHM npoijeccH KOMtuieKCO0dpa30BaHHfl b CHdeMax hoh iiup- 
kohhh - aHHOH a30THoR KHCJioTH h hoh ypaHHJia - aHHOH yKcycHoii 
KHCJ10TH. 

ll3yHeHHe CHCT eMH HOH HHpKOHHfl-95 (MHKpOKOMnOHeHT ) - XJIOpHafl 
KHCJioTa - nepxjiopai HaTpua c tiOMOiUBK) KaiKOHHia m aHHOHHTa noica3a- 
J10, HTO rHmpOJlH3HHe flBOTHHfl y HOHOB IJHpKOHHfl OXCyTCXByiDT npH KH- 
c JIOTHOCTH BHine 1,2 - 1,5 h. ,npHHeid Koun jieKCoodpa30BaHHeM qnpKOHHfl 
C 2 H.XJIOpHOfl KMCJ1OTO0 MOXHO HpeHedpeHB /6/. n03T0My HCCJiemOBaHHe 
K 0 MnjieKCO 0 dpa 3 OBaHHfl ijhpkohhh o HHipaT— hohom dHJio npoBemeHO b 
CM ecH a30TH0fl h xjiopHofi Kwcjioi npn odmeil khcjiothocth 2 h h npH 
nocioaiiHofl hohhoK chot pacTBopa, paBHO0 flByu. Jjih HccjiemoBaHHH 
npHMeHaacfl pamwoaKT hbhhB hsotoh uhpkohhh-95 b MHKpoKOHiieHTpaijHH. 

B KaqecTBe hohhtob cjiyxHJiw icaxHOHHT KY-2 h aHHOHHT 3A3-I0. 3Kcne- 
pHM8Hia J1BH0 HajTimeHHafl 3aBHCHM0CTB BejlHHHH OTHOCHTe Ji&Horo norjiome- 
HHfl UHpKOHHfl r + H H Be J1HHHHH J =l-^ + " jf- 01 

KOHpeHTpaiiHH asoTHoa khcjioih npn 3THX ycjiOBHfix npemcxaBjieHa Ha 
pHC. 1. M3 pHCyHKa BHflHO, HTO HpH KOHljeHTpaijHE a30TH0fi KHCJ10IH 
HHie 1,4 norjiomeHHe pnpKOHHfl aHiioHHxaMH HesHaMHTejiBHOe 3xo no3BO- 
Jiflex cqHiaxB, hto npn yKa3aiiHHX ycjioBHflx ijhpkohiiB noniH He odpa3y- 
ex oipimaxeji&HO 3 apflKeHHtix mnpaTHux KOMnjieKCOB. 
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Mokho ojtimaTB odpa30BaHMfl b paciBope ipex nojiOKwrejiLHo 3 apa- 

X6HHHX KOUnjieKCHHX HOHOB IJHpKOHHfl: [ZxNOg]* 3 , [Z^NO^]* 2 
U |^Z'l(N0 5 ) 3 '] * 0,HHaKO, B03MO3KHO, HTO HeKOTOpue H 3 3TMX HOHOB B 
pacrBope chjibho flucnponopHHOHMpyrai h noTouy He Moryi npucyiCTBO- 
BaiB b 3aMeiHbix KOHiieHTpaHHflx* Ecjih npe^no jioschtb , icar, 3 io HHor.ua 
flejiaeTca (12)^ mo b Tex cjiyqaax, koto KOHijeHTpamifl HeKOMnjisKc- 
Horo HOHa hhpkohhh He oneHB Majia no cpaBHeHwo c ero KOMiuieiccHUMH 
KaiHOHaMH, noji;aBMH)ii^fl nacTB norjioineHHoro KaiHOHwioy hhpkohhh 
npeflCTaBjweT codog HeKOwnjieKCHHe hohh, ran KaK ohh odJiaMroi dojit- 
niefi BajieHTHocTBK. 3 to, bo bchkom cnyqae, .hojikho othochtbch k pac- 
TBopau c Majioii KOHi;eHTpaiiHeSt a3OTHO0 KHCjioTtu fljia othx pacTBopOB 

L = F L ’ ( 6 ) 


c..- f 


r^e v- M -k o hh e ht paitM HeKOunjieKCHHX hohob hhpkohhh, a U - odmaa 
KOHHeHTpaHHH HHpKOHHfl B paCTBOpe. 

IlepBafl dyneHB KOtmjieKCoodpa30BaHHfl b HameS cucTeue (mm 
nocjie.nHHfi dyneHB .nHccoitHaijHH HHTpaiHtix KOMnjieKCOB) MoateT dmB 


BHpaseHa ypasHeHKey 
+4 


zi +wno;=[zi(no 3 )„] 


+ W-n) 


Ecjih KOunjieKC c OflHOfi qacinijefi aw eH.ua ycioilqHB, to U = 1 . 
Eom qHCjio Tl OKaseTCH dojiBme eflHHHipj, to KOMnjieKC c oflHoii 
qaciHueil flHcnponopHHomipoBaH h He npHcyiciByeT b paciBope b 3a- 
MeiHoa KOHHeHTpaHHH. Ecm n = 4 , to KOunMKCHafl nacriqa Hefi- 
ipajiBHa. OiKjiOHeHHe 3HaqeHHH ot e^HHHHH npH ya;mx KOiqeH- 

TpaHHHX a30TH0ia KHCJIOTH MOKHO npHpaBHflTB flOJie r KOMnjieKCa 

[za(N 0 3 )J +w - n) 

r-i-y + -C-. (8) 

TO C -KOHHeHTpamifl KoynjieKca b paBHOBecHoy paciBope. 

KoHciaHTa HecioKKOCTH nepBoro KOMnjieKCa, cornacHo ypaBHeHHD 
(7), paBHa 

1 W 

/ ^ ka ki a j- n. 


X = 




TO C M -KOHiteHipaiiMfl CBodosHoro anemia b paBHOBecHoy paciBope. 
H3(9) cjieayei 
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( 10 ) 


onpesejieHO OKcnepwMeHTajiBHo • 

0T pa.HHOIlHpKOHMfl-95 B 


T.e. 3aBH0HU0ciB J+y7~) 01 noKaaaie^a aMenna — Bg Cl- npn 

m& jitix KOHueHipauHflx a^fleHfla flojocKa dHTB npHMOjiHHeJlHOfl , npiiweM 
yrjiOBOii Koa^iqHeHT npHMOi! paBeH mcjiy fi , KOTopoe laicnM 06 pa- 
3011 h Moaei dHIB 
3aBHCHM0CTB 

cu ecu xjiopHofl h a30THoS iciic jiot npescraBJieHa Ha pnc. 2 (woHHaa 
cm pacTBopa = 2). Il3 pncymca buaho, mo b odjiacin KOiiqeHTpaqHii 
a30THOfl KHCJIOTH £0 { H C JJOCTaTOWIiOH TOWHOCTBK OCyiUeCTBJlfleTCfl 
npflMOjmHeJiHafl 3aBHCnuocTB, npnweM HaKJioH npnMOfi cooiBeTCTByex 
W =2. TaKMM odpa30M, OKcnepHMSHTajiBHtie qaHHtie ho3bojuik)T cwnraiB, 

wto KOMn^eKCHufl hoh [Zt-N0 3 *] b pacTBope neyCTOMWHB; 

n09T0My npH B3aHM0fleJiCTBHH UHKpOKOJIHWeCTB qHpKOHMfl C HHTpai— IIOHOW 
cpa3y odpasyeica KownjieKCHHii hoh [z*(no 5 ) 2 ] +< \ 

AHajiorawHHu odpa30M npn B3aH«o,neficTBKH paqHOHTTpHa c ho Hawn 
mojiowhoiI khc both, no-BHflHMOuy, Tairace cpa3y odpasyeTca KOunjieKC- 
hhh hoh c flBywfl wacnmaMH aww /1 4/. 

IIpoqeccH K0Mnjiencoodpa30BaHM b bo^hou paciBope b c hot ewe 
hoh ypaHHjia - aqeTai-HOH H3yqaMCB ApjiaHqoM /15/ a HayHCOM h Twrn- 
KOBHM /l 0/. AprnH^ CneKTpO$OTOUeipHWeCKHM MeTOflOM Hauiejl, WTO B 
9T0H ClICTeMe OdpaS^DTCH TpH K0M11 JieKCHHX COe^HHeHHfl: [UOjAcl*, 

[WOjACj] » [U0 2 Ac 3 '] , fljia KOTopux hm duM onpeqe jieHH 

KOHCiaHiH ycTOMWHBOCTH, H3 ero flaHHux BHieKaex, mo npn HeicoTopoii 
KOHHeHTpaHHH aqeTaiHux hohob 3 HawHTejn>Hafl waciB ypaHa (flo 40#) 
MOKei HaxojiHTBCfl b pacTBope b BHfle no jioxHie jiBHO 3apjwceHHoro Koun- 
jieKCHoro HOHa (c o^hoh wacTHqeii a^nenaa). JlayHC h Thuikob nojinpo- 
rpac|)HwecKHM ueTO^OM odHapysHJin tojibko ,HBa KowruieKciiux coeqKHeHitH 
B 9 T 0 M CHCI6M0 H He HaillJIH HOflOKHieJlBHOrO KOMIUieKCHOrO HOHa C Ofl- 
HOil wacTHiten a&neHfla. Hawn coBMecTHO c JV.A* KoweBaHOBOfl aqeTaTHoe 
KOMn^eKCoodpa30BaHiie hohob ypaHHjia b HHTpanmx pacTBopax H3ywa- 
J10CB MeTOflOM HOlIHOrO OdUCHa Ha KaTHOHHie KJT-2 H aHHOHHTe II3-9 
npn hohhoh cnjrie paciBopa 0,5 b npucyTCiBHH urapaTa HaTpiw 11 npH 
ic 0 nq 6 ht paqHH HOHOB ypaiiHJia 0,02 h 0,01 m. 

TTojiyweHHtie 9 KcnepHueHTaji&HHe fl&HHiie dtuiw BtipaiiceHH b (Jopue 
OTHOCHiejiBHoro norjiomeHHH ypaHa (yi) fcarnoHHTOM (|j^ + ) h aHHOHH- 


fi 
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IdTHUX MO HOB B 


tom (jj'_ ). ,Hjih onpGAGAGHHA cociaBa nepBoro KoimAGKca no weTojur, 
H3Ji0K6HH0My Bume jq[jih mhpkohma, dHJia rpatfJMnGCKH onpeAejiena 3a bh— 

cmmoctb 01 ^ a (r^e a - KOHueHTpaMMA aue- 

laTHHX MO HOB B IcTBope) , KOTopafl npeACTaBAera Ha phc. 3. YrAO- 
BOfi K03#HUMeHT npAMOii Ha 3T0U pucyHKG paBeH J1BJM. CjieAOBaTGABHO, 
.HEHhng no norAOineHHD MOHa ypaHHJia KaTHOHHTOM noica3UBaioT b coot- 
B6TCTBMH c .naHHUMH flayHca H TauiKOBa, mo k Mony ypaHHJia cpa3y 
npMGOSAHHAOTCA R&Q. aiJGTaTHUX MOHa C OdpaSOBaHHGM HeSTpaALHOTO 

KOunAeKca, a hoh [UO s Ac] , no-BMAMMOuy, HGflocTaTOMHO yc- 
toKhhb m b 3HaHiiTeABHoK CTeneHM .nwcnponopaMOHwpyeT Ha hoh ypaHH- 
Jia H He0TpajlBHH0 KOMn A6KC • 

COBGpiUGHHO aHaAOrtmHHM MGTO^OM MOXHO Onpefle AHTB , CKOABKO 
qaCTHM ajmeH^a OTIUGnjlAGTCA OAHOBpeMeHHO npn flHGCOIlHailHH aHHOHHO- 
ro KOMn AGKca , WMc ,]- . JI.J1A 3T0T0 Ha pMC • 4 H30dpaEGHa 

3aBHC HMOCTB ^ J^~~) 01 ^ & • 3KCn6pHM6HTajlBHH6 TOHKH 

Ha 3T0M pHCyHKe yflOBAGTBOpHTGABHO AOJfCaTCA Ha npauyio c yrAOBUM 
K03$$HI^HGHT0M, pa B HUM GflHHHUG. OTCIOfla CAGAyeT, HTO B nGpBOfl Cia- 
flHH .HMCCOMWa^H OTDKUaTG JIBHOTO KOMHAGKCHOrO HOHH 0dpa3y6TCA HG0- 
ipa J1BHH0 KOMFI A6KC [UOg I^CgJ 

TaKHM odpa30M, hcc Ae.no BaHne aiieTaTHoro Kotin Aeiccoodpa303aHHA 
hohob ypaHHJia npHBOAHT k 3aKJU0MeHHra, hto b boahux pacTBopax npH 
KOMHaiHO0 TGMnepaTypG b HMipaino— aE[eTaiHO0 cponG upowe hohob ypa- 
HHJia MoryT npHcyiCTBOBaTB b 3Ha h ht e ab hux KojmnGCTBax flBa ycTO0- 
HHBUX KOMnAGKCa [UOjACj] H pUOjAc,]” . ECJIH HOH 
fUOjACj]' H Odpa 3 yGTGA B paCIBOpG, TO BpAfl AH OH MOKGT COCiaB- 
jiatb 3 HaHHTGABHyio .nojiD Bcero ypaHa (YI). 

OCHOBUBaACB Ha 3T0M, MU nOUBIiaAHCB KOAHHGCTBeHHO HHTGpnpeTM- 
pOBaTB nOAyneHHHG HaMH OKCnepHMeHTaABHUe .HaHHUG no nOTAOHGHHIO 
ypaHa (YI) KaTHoiiHiou h aHHOHHiou c noMOHBw flByx KOHCTaHi: koh- 
GTaHTU HeCTOflKOCTH KOMnABKCHOTO aHHOHE 

K- 4_ 0 -.t 0 ' 

H KOHCTdHTH nepBQil CTytlBHH flKCCQIlilclIlHH 3TOTO KOMnJIOKCa 


V ^ 

4 c 


a = 


i- *+-*•- 
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rfle C + , m C Q -KOHueHipauHH hohob ypanmia, komiijiokchhx aHK- 
ohob h HefixpajiBHoro KOuiueKCa b paciBope. IIojiyqeHHue Haun nyxeu 
AByKpaTKoro npHdjiraceHHH 3HaqeHHfl KOHciaHi 

= 6.1CT 2 H X H = i,3.10“ 6 

no3BOJiHJin Hau npon3BeciH pacqex .nojiefi pa3JiwqHbix <J)opM ypaHa (yi) 
b pacTBope b 3aBHCKM0CiH ox KOHqeHipaijHH aqeiaxHHX hohob npw 
hohhoH CHJie, paBHO0 0,5, no ^opiiyHau: 


a = 


a 3 +x d a 2 ■+ K H 
Ki a 2 


q| = HL— 

0 a 3 + X d a 2 + X H 




. . + a 3 + J > 

r^eCx. , Ol 0 h 0 ( + -.no m oipiqaxejiBHoro KOunjieKca, HeftxpajibHoro 
KOunjieKca h HeicoMnjieKCHHx hohob ypaHHJia ot odnero coflepsauMfl ypa- 
Ha (YI) b paciBope (0( + + + Ol 0 = 1). Ecjih hsjioeohhhg Bume 

npe^oxaBJieHHH o npoijeccax apexaiHoro KOMnjieKcootfpasoBaHKH hohob 
ypaHHJia b paciBopax h HaflaeHHue Haun qncjieHHHe 3 HaqeHHfl KOHciaHi 
H 8 CT O 0 KOCTH COOIBeiCTByiOI fleftCIBHie J1BH0CIH, 10 ,50/IKHO HMeTB 
MecTo c^ejcyiomee cooTHomemie Me&jty bhhhc jighhhmh BejinqHHaMH oxhoch- 
xejitHoro norjiomeHim: 


■y- 

i-r 


Ha pwc* 5 cnjiomHHe KpHBtie cooiBexciBynT BtiqucjiGHHUM 3 Haqe- 
hhhu flojieft Ol + , Ci _ nOi o , a iohkh, oiMeqeHHiie pa3JMqHHim 3 Haq- 
KaUM, - BKCnepHUeHTaJIbHHM flaHHHU* M 3 pHCyHKa BHflHO, HTO COOIBei- 
CTBHe 3 KcnepHMeHia jibhhx xoqeie paccqHiaHHtiM xpiiBHM HBJifleica yaoB- 
jiexBopnxejifcHHM, qxo nofliaepiflaei HauiH npb 5 CTaBJieHHfl h no 3 Bojwex 
HaM cae^yroinHy odpa 30 M oxapaKiepH 30 Baxi> odJiaciH cymecxBOBaHHH pas- 
hhhhhx $opu ypaHa (YI) b BO 5 HO 0 anexaxHO 0 cpefle npw hohho 0 ohjig, 
paBHOtl 0,5: 

1 ) Hoh ypaHHJia b KaqeciBe e, 5 HHCiB 6 HH 0 ii {$opuH cymecxBOBaHHH 
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ypaHa (yi) naxo^HTCfl b paciBopax, b Koropux KomjeHTpaitHfl CBOdoa- 
HUX aqeTaTHLix hohob Cl ne npeBiinaeT lO" 3 (coflepscaHne ^py- 
rwx (poptu ueHBiiie 5$). npw Cl < 2.10“ 2 coflepsaHue hohob ypaHHjia 
b pacxBope craHOBWTCH o<ieH& MajiHM (MeHBme 556), 

2) ypaH b (Jjopwe HeflipajiBHoro KOMnjieicca [U 0 2 Ae 1 noflBM- 
eiCH b 3aueiHHx KOJinnecrBax (dojiBine 5$) npn Cl > lO" 3 . npn 

Cl = 1,5.10 coaepacaHHe gtoM $opMH ypaHa b paciBope cmHOBHTca 
MdKCHME JIBHHM (OKOJIO 75$) H npH Jia/lBHeUmeM pOCTe KOimeHTpaiJHH 
aaeTaiHHx hohob naflaei, ciaHOBact oyeHB mqmim (ueHhiue 5$) ripn 

3) CoaepsaHne KOMnjieKCHoro aHHona [U0 2 AC 5 ]~ B paciBope 
flocTwraer 3aweTHo0 b6jihhhhh (Cojihme 5$) npn a > 5.10”*. npn 

Cl > 1 3T0T KOMHJieKC CiaHOBHTCfl npaKIHHeCKH e^HHCTBeHHOfi (popiaoi! 
cymecTBOBaiiHH ypaHa (yi) B paciBope (ero coaepiaHne dojiBnie 95 $), 
r H30Ka3aHHor°He cjieayex, qro b aiteiaiHom paciBope hoh 
[IJC^AcJ He Moscei cymecrBouaiB. OflHaico BoaMoacHoe orHocmejiBHoe 
coflepsaHHe ero b paciBope, no-BH^HMOiiy, He Moacei dHTB 3HaHHie jib- 

HHM. 
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Pmc .1 , SaBHCMMOCTB OTHocuTejibHoro norjiomeHMH 

UHDKOHHfl K3 THOHHTOM ( flV ) H aHHOHMTOM 
d- ) OT KOHlUGETpaaHH aflfleH^a (a30T- 

hoM kmmoth) b pacTBope. KpuBaal- Xv ; 

KpHBafl z - jy.- ; KpuBaa 3 l-j - 
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Phc ,3, 3aBMCHMoc tl ot .norapiKiiMa koh- 

ijeHipamw aueiaifftix hohob npn odpa 30 BaHHH 
KOMDJieKCHOrO COe^HHeHHfl HOHOB ypaHH^a c 
aueiaiHHMH hoh8mh 
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